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SPECIFICATION 

Liquid-Crystal Display Element and Method for Manufacturing Same 
THE INVENTION 

1. Field of the Invention 

The present invention relates to a liquid-crystal display element 
suitable for a thin display having a pair of thin glass substrates, and to a 
method for manufacturing such a liquid-crystal display element. 

2. Description about the Related Art 

In liquid-crystal display elements used in displays for notebook 
personal computers and portable information terminals, in order to achieve a 
thin and light design, one essential element is to make the thickness of the 
pair of glass substrates of the liquid-crystal display element thin* 

In order to make the thickness of the pair of glass substrates thin, as 
disclosed, for example, in the Japanese Unexamined Patent Publication (KOKAI) 
No. 5-61011, a liquid-crystal display element is formed by the process 
illustrated in Fig. 6. 

Specifically, after affixing together an array substrate 10 and an 
opposing substrate 11, which are the pair of glass substrates, at least one of 
the array substrate 10 and the opposing substrate 11 is polished (steps 501 and 
502). Next, after cutting the array substrate 109 and the opposing substrate 11, 
a liquid crystal is injected between the array substrate 10 and the opposing 
substrate 11, this is sealed, and a polarizer is affixed thereto (steps 503 to 
506). 

The grain diameter used as a polishing material for polishing at least 
one of the array substrate 10 and the opposing substrate 11 is approximately 1 
to 2 u m. 

For this reason, the polishing material intrudes into the space (5 to 6 
u m) between the array substrate 10 and the opposing substrate 11, thereby 
causing failures due to this foreign matter, which lowers the display quality 



and yield of the liquid-crystal display elements. 

Given the above, in order to solve the above-noted problem, in the 
Japanese Unexamined Patent Publications (KOKAI) Nos. 5-249422, 5-249423, and 4- 
116619, for example, the is disclosure of technology wherein, as shown in Fig. 
7, when adhering together the array substrate and the opposing substrate, the 
liquid crystal injection region of the liquid-crystal display element area is 
surrounded by a seal 12, and further wherein the entire liquid-crystal display 
element area is surrounded by an outer peripheral seal 18, after which the hole 
is sealed by a hole sealant 20. 

In this type of technology, because the overall liquid-crystal display 
element area is surrounded by an outer peripheral seal 18, in above-noted case 
of performing polishing, intrusion of foreign matter into the space (5 to 6 u 
m) between the array substrate 10 and the opposing substrate 11 is prevented. 

In the above-noted technology, however, in a method of surrounding the 
overall liquid-crystal display element area with the outer peripheral seal 18, 
when cutting apart the individual liquid-crystal display elements the outer 
peripheral shield 18 is also cut. 

For this reason, because the stress on the pair of glass substrates is 
different between a part at which the outer peripheral seal 18 is cut and a part 
at which the outer peripheral seal 18 is not cut, thereby causing improper 
cutting when scribing and breaking. 

When the above-noted types of problems occur, polishing material 
intrudes between the space between the outer peripheral seal 18 and the pair of 
glass substrates , thereby contaminating the manufacturing apparatus. 

If the manufacturing apparatus becomes contaminated in this manner, 
polishing material can intrude into the liquid-crystal display element when the 
liquid crystal is injected, leading to improper liquid crystal orientation and 
faulty operation, such as the proper voltage not being applied between across 
the liquid crystal, thereby causing a display failure and a drop in yield. 
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Accordingly, it is an object of the present invention, in consideration 
of the above-noted problems, to provide a liquid-crystal display element and a 
method for manufacturing a liquid-crystal display element wherein the 
achievement of thinness is facilitated and it is possible to achieve an 
improvement in yield and quality. 
SUMMARY OF THE INVENTION 

In order to achieve the above-noted object, the present invention has 
the following basic technical constitution. 

Specifically, in a liquid-crystal display element according to one 
aspect of the present invention, an array substrate on which a plurality of 
liquid-crystal injection areas are arranged and each liquid-crystal injection 
area is surrounded by a seal having an aperture and the an overall liquid- 
crystal injection areas being surrounded by an outer peripheral seal having an 
aperture, and an opposing substrate are adhered together, the aperture of the 
outer peripheral seal being sealed by a hole sealant, and a surface of at least 
one of the array substrate and the opposing substrate being polished with a 
polishing material, and thereafter, an end portion of at least either one of the 
array substrate and the opposing substrate being polished with end polishing 
operation so as to remove residual polishing material therefrom, after which 
cutting plurality of liquid-crystal injection areas along lines as formed 
between the opposite the aperture holes so as to separate individual liquid- 
crystal injection areas. 

In this aspect of the present invention, a plurality of the apertures 
of the outer peripheral seal are provided along the outer peripheral seal and 
at crossing points each being formed between the outer peripheral seal and a 
line along which the individual liquid-crystal injection areas are cut apart. 

In this aspect of the present invention, it is possible inject liquid 
crystal into each individual injection area, seal the areas, and adhere 
polarizers after the individual liquid crystal injection areas are separated. 
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The seal and outer peripheral seals can be made of an epoxy resin, the 
hole sealant can be a UV-curing acrylic resin, and the polishing material can be 
an alumina polishing material. 

A method for manufacturing a liquid-crystal display element according 
to another aspect of the present invention comprising, a first step of forming 
a plurality of liquid-crystal injection areas surrounded with a seal on an array 
substrate, a second step of adhering the array substrate on which overall the 
liquid-crystal injection areas being surrounded by an outer peripheral seal 
having an aperture and an opposing substrate, a third step of sealing the 
aperture of the outer peripheral seal using a hole sealant, a fourth step of 
polishing a surface of at least one of the array substrate and the opposing 
substrate using a polishing material, a fifth step of polishing an end surface 
of at least one of the array substrate and the opposing substrate, using a 
polishing material and removing the polishing material, and a sixth step of 
cutting the liquid-crystal injection areas along a virtual lines each formed 
between the apertures each provided on two of the outer peripheral seals, 
respectively, and each of the outer peripheral seals being oppositely arranged 
to each other. 

The second step thereabout can include a seventh step of providing a 
plurality of the apertures being provided along each one of the outer peripheral 
seals and at crossing points each being formed between the outer peripheral 
seal and a virtual line along which the individual liquid-crystal injection 
areas would thereafter be cut apart. 

The sixth step can include an eighth step of injecting liquid crystal 
into each liquid-crystal injection area, sealing the hole, and adhering a 
polarizer. 

The first step can include a ninth step of forming a seal using an 
epoxy resin, the second step can include a tenth step of forming an outer 
peripheral seal using an epoxy resin, and the third step can include an eleventh 
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step of forming a hole sealant with a UV-curing aerylic resin. 

The fourth step can include a twelfth step of performing polishing 
using an alumina polishing material, a thirteenth step of performing lapping, 
and a fourteenth step of performing final polishing, and the fifth step can 
include a fifteenth step of chamfering the polished end surface. 

In a liquid-crystal display element and a method for manufacturing a 
liquid-crystal display element according to the present invention, an array 
substrate on which a plurality of liquid-crystal injection areas surrounded with 
a seal and the overall liquid-crystal injection areas being surrounded by an 
outer peripheral seal are provided and an opposing substrate are adhered 
together, the aperture of the outer peripheral seal being sealed by a hole 
sealant, and the surface of at least one of a surface of the array substrate 
and the opposing substrate being polished with a polishing material and further 
an end portion thereof is also polished so that the polishing material is 
removed, after which cutting along the aperture is done to separate the 
individual liquid-crystal injection areas. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view showing an embodiment of a liquid- 
crystal display element according to the present invention. 

Fig. 2 is a process diagram showing the manufacturing process for the 
liquid-crystal display element of Fig. 1. 

Fig. 3 is a plan view showing the pattern construction of Fig. 1. 

Fig. 4 is a cross-sectional view along the direction A-A' indicated in 

Fig. 3. 

Fig. 5 is a cross-sectional view along the direction B-B' indicated in 

Fig. 3. 

Fig. 6 is a process diagram showing the manufacturing process for a 
liquid-crystal display element of the past. 

Fig. 7 is a plan view with a partial cutaway of a liquid-crystal 
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display element manufacturing by the manufacturing method of Fig. 6. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are described in detail below, 
with references made to relevant accompanying drawings. 

Fig. 1 is a cross-sectional view showing an embodiment of a liquid- 
crystal display element according to the present invention, Fig. 2 is a process 
diagram showing a method for manufacturing the liquid-crystal display element of 
Fig. 1, Fig. 3 is a plan view of the pattern structure of the seal of Fig. 1, 
Fig. 4 is an A-A ! cross-sectional view of Fig. 3, and Fig. 5 is a B-B' cross- 
sectional view of Fig. 3. 

The liquid-crystal display element shown in Fig. 1 is made up of an 
oriented array substrate 10 and an opposing array 11, which are adhered by an 
epoxy resin seal 12. 

A spacer 14 is disposed between the array substrate 10 and the opposing 
substrate 11 having spacers 14 disposed between the array substrate 10 and the 
opposing substrate 11 so as to maintain a uniform panel gap therebetween. 

A liquid crystal 15 is sandwiched by the array substrate 10 and the 
opposing substrate 11. A polarizer 16 is adhered to the outer surface of the 
array substrate 10 and the opposing substrate 11. 

In this case, a liquid crystal injection hole 17, to be described below, 
is provided in the seal 12. 

After injecting the liquid crystal from the liquid crystal injection 
hole 17, the liquid crystal injection hole 17 is sealed by an acrylic resin, 
thereby holding the liquid crystal 15 therewithin. In these drawings, the 
reference numeral 13 denotes an orientation material, and 22 denotes color 
filters. 

A liquid-crystal display element such as described above is 
manufactured as follows. 

Specifically, as shown in Fig. 2, an array substrate 10 formed by 
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performing a prescribed orientation operation and seal patterning and an 
opposing substrate 11 that is oriented and is treated so that a uniform panel 
gap is maintained are adhered together (step 201). 

Next, after hole sealing so that polishing material is not intruded 
between the array substrate 10 and the opposing substrate 11, which are two 
glass substrates, the surface of at least one of the glass substrates is 
polished, and then the end surface is also polished, so as to make the thickness 
of the two glass substrates small (steps 202 to 204). 

After the above, the individual liquid-crystal display elements are cut 
apart, the liquid crystal is injected into the element, the holes are sealed, 
and the polarizers are adhered, thereby completing the liquid-crystal display 
elements (steps 205 to 208). 

The seal pattern structure is shown in Fig. 3 to Fig. 5. 

A pattern for seals 12 which are provided liquid crystal injection 
holes 17, corresponding to each individual liquid-crystal display element, and a 
pattern for an outer peripheral seal 18 for preventing the intrusion of 
polishing material at the outer periphery are formed on the array substrate 10. 

The seal material for the seal 12 and the outer peripheral seal 18 is 
an epoxy resin. The outer peripheral seal 18 is provided with a number of 
apertures 19 corresponding to the number of liquid-crystal display elements to 
be separated, on the virtual line along which they are to be cut apart. 

Adhering the array substrate 10 and the opposing substrate 11, onto 
which is distributed the spacers 14, which maintain the panel gap uniformly, 
heat treating is done at a temperature of 160 °c , so as to harden the seal 12 
and the outer peripheral seal 18. 

When the above is done, because the apertures 19 of the outer 
peripheral seal 18 maintains the air pressures inside and outside the outer 
peripheral seal 18 at the same pressure, breakage of the seal pattern does not 
occur. Next, a hole sealant 20 made of a UV-curing acrylic resin is used to seal 
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the apertures 19, this being subjected to UV radiation to harden the resin. 

After the above, the surface of at least one of the two adhered glass 
substrates is polished. The polishing is done using an alumina-based polishing 
material with a grit diameter of approximately 10 u m and, after lapping the 
panel thickness down from 1.4 mm to approximately 1.05 mm, a cerium oxide based 
polishing material having a grain diameter of approximately l^m is used to 
perform polishing down to a panel thickness of approximately 1.0 mm. 

The polishing force used is approximately 150 to 200 g/cm 2 , and a water 
washing is done after polishing. 

Next, in order to remove polishing material from the end parts of the 
two glass substrates, the end surfaces are polished. When this is done, as shown 
in Fig. 4 and Fig. 5, the end surfaces are processed so as to achieve a curved 
surface thereat, with the two glass substrates adhered together. After polishing 
the end surfaces, water washing is done. 

In a liquid-crystal display element formed as described above, the 
pattern structure of the outer peripheral seal 18 is such that there is no 
intrusion of polishing material, and also so that apertures 19 are provided on 
extensions of the lines along which the individual liquid-crystal display 
element are cut apart. 

Thus, by performing end surface polishing, there is total prevention of 
introduction of the polishing material 21 into the next process step, and also 
prevention of bad cutting at the cutting process step. 

This is described below in further detail, with reference made to Fig. 
4 and Fig. 5. 

Fig. 4 shows the condition in which the remaining polishing material 21 
is removed by end polishing. By removing the remaining polishing material, it 
is not introduced into the next process step, so that it does not contaminate 
the manufacturing apparatus in subsequent steps. 

Also prevented are problems such as polishing material 21 intruding 
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between the glass substrates (Fig. 1) so as to cause poor orientation or 
prevent proper application of voltage across the liquid crystal 15. 

When the cutting apart is done, the hole sealant 20 on the line along 
the cutting line B-B 1 of Fig. 3 is traversed in making the cut. Because the 
hole sealant 20, in contrast to the epoxy resin used in the outer peripheral 
seal 18, is a soft acrylic resin, there is no particular stress applied to the 
glass substrates when the cutting is done, so that there is prevention of bad 
scribing and breaking. 

In this embodiment of the present invention, therefore, each liquid- 
crystal injection area is surrounded by a seal 12, and the overall liquid- 
crystal injection area is surrounded by an array substrate 10 and an opposing 
substrate 11 surrounded by an outer peripheral seal 18 having apertures 19, the 
apertures 19 of the outer peripheral seal 18 being sealed by a hole sealant 20, 
and the surface of at least on of the array substrate 10 and the opposing 
substrate 11 being polished with a polishing material 21, which is then removed, 
after which cutting along the apertures is done to separate the individual 
liquid-crystal injection areas, and in so doing to eliminate residual polishing 
material 21 caused by bad cutting, thereby enabling facilitating the 
achievement of a thin liquid-crystal display element and improving the yield and 
the quality thereof. 

Although the above-noted embodiment of the present invention was 
described for the example in which the thicknesses of the array substrate 10 and 
opposing substrate 11, which are glass substrates is made thin by polishing, it 
will be readily understood that the present invention is not restricted in this 
manner, and can be applied as well to a case in which, for example, the 
thickness of the array substrate 10 and the opposing substrate 11 is made thin 
by etching. 

Additionally, it will be understood that the liquid-crystal display 
element of the present invention is not restricted to an active matrix array 
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such as a TFT or MIM type, but can also be applied to a liquid-crystal display 
using a drive method such as that of a simple matrix display or a segment 
display as well. 

A separate embodiment of the present invention from those as mentioned 
above, will be explained hereunder with reference to Figs. 3 to 5. 

In this embodiment, a liquid-crystal display element array is provided 
and as shown in Fig. 3, the liquid-crystal display element array of this 
embodiment comprises an array substrate 10 and an opposing substrate 11 and a 
plurality of liquid-crystal injection areas 30, each being surrounded by a seal 
12 having an aperture 17 and the an overall liquid-crystal injection areas 30 
being further surrounded by an outer peripheral seal 18 having apertures 19 
sealed with a hole sealant 20, both of which being formed between the array 
substrate 10 and the opposing substrate 11, wherein at least a surface of either 
one of the array substrate and the opposing substrate being polished and at 
least an end portion of either one of the array substrate and the opposing 
substrate being polished, and further wherein a plurality of the apertures 19 
being provided along each one of the outer peripheral seals 18-1 to 18-4 and at 
crossing points P each being formed between the outer peripheral seal 18 and a 
virtual line 40 along which the individual liquid-crystal injection areas 30 
would thereafter be cut apart. 

In this embodiment, the end portion of of either one of the array 
substrate and the opposing substrate showing a tapered configuration. 

According to the liquid-crystal display element and method for 
manufacturing a liquid-crystal display element according to the present 
invention as described in detail above, by adopting a constitution in which each 
liquid-crystal injection area is surrounded by a seal, and the overall liquid- 
crystal injection area is surrounded by an array substrate and an opposing 
substrate surrounded by an outer peripheral seal having an aperture and are 
adhered together, the aperture of the outer peripheral seal being sealed by a 



hole sealant, and the surface of at least one of the array substrate and the 
opposing substrate being polished with a polishing material, which is then 
removed, after which cutting along the aperture is done to separate the 
individual liquid-crystal injection areas, the achievement of a thin liquid- 
crystal display element is facilitated, and it is possible to improve both 
liquid-crystal display element quality and yield. 
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What is claimed is: 

1. A liquid-crystal display element wherein an array substrate on which 

a plurality of liquid-crystal injection areas are arranged and each liquid- 
crystal injection area is surrounded by a seal having an aperture and said an 
overall liquid-crystal injection areas being surrounded by an outer peripheral 
seal having an aperture, and an opposing substrate are adhered together, said 
aperture of the outer peripheral seal being sealed by a hole sealant, and a 
surface of at least one of said array substrate and said opposing substrate 
being polished with a polishing material, and thereafter, an end portion of at 
least either one of said array substrate and said opposing substrate being 
polished with end polishing operation so as to remove residual polishing 
material therefrom, after which cutting plurality of liquid-crystal injection 
areas along lines as formed between the opposite said aperture holes so as to 
separate individual liquid-crystal injection areas. 

2. A liquid-crystal display element according to claim 1, wherein a 
plurality of said apertures of said outer peripheral seal are provided along 
said outer peripheral seal and at crossing points each being formed between said 
outer peripheral seal and a line along which said individual liquid-crystal 
injection areas are cut apart. 

3. A liquid-crystal display element according to claim 1, wherein after 
separating an individual liquid-crystal injection area, liquid crystal is 
injected into said liquid-crystal injection area, hole sealing is performed, 
and a polarizer is adhered thereto. 

4. A liquid-crystal display element according to claim 1, wherein said 
seal and outer peripheral seal comprise an epoxy resin, and further wherein said 
hole sealant comprises UV-curing acrylic resin and further wherein said 
polishing material is alumina polishing material. 

5. A liquid-crystal display element array which comprises an array 
substrate and an opposing substrate and a plurality of liquid-crystal injection 
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areas, each being surrounded by a seal having an aperture and said an overall 
liquid-crystal injection areas being further surrounded by an outer peripheral 
seal having apertures sealed with a hole sealant, both of which being formed 
between said array substrate and said opposing substrate, wherein at least a 
surface of either one of said array substrate and said opposing substrate being 
polished and at least an end portion of either one of said array substrate and 
said opposing substrate being polished, and further wherein a plurality of said 
apertures of said outer peripheral seal being provided along each one of said 
outer peripheral seals and at crossing points each being formed between said 
outer peripheral seal and a virtual line along which said individual liquid- 
crystal injection areas would thereafter be cut apart. 

6. A liquid-crystal display element array according to claim 5, wherein 
said end portion of of either one of said array substrate and said opposing 
substrate showing a tapered configuration. 

7. A method for manufacturing a liquid-crystal display element 
comprising: 

a first step of forming a plurality of liquid-crystal injection areas 
surrounded with a seal on an array substrate; 

a second step of adhering said array substrate on which overall said 
liquid-crystal injection areas being surrounded by an outer peripheral seal 
having an aperture and an opposing substrate; 

a third step of sealing said aperture of said outer peripheral seal 
using a hole sealant; 

a fourth step of polishing a surface of at least one of said array 
substrate and said opposing substrate using a polishing material; 

a fifth step of polishing an end surface of at least one of said array 
substrate and said opposing substrate, using a polishing material and removing 
said polishing material; and 

a sixth step of cutting said liquid-crystal injection areas along a 
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virtual lines each formed between said apertures each provided on two of said 
outer peripheral seals, respectively, and each of said outer peripheral seals 
being oppositely arranged to each other. 

8. A method for manufacturing a liquid-crystal display element according 
to claim 7, wherein said second step includes a seventh step of providing a 
plurality of said apertures being provided along each one of said outer 
peripheral seals and at crossing points each being formed between said outer 
peripheral seal and a virtual line along which said individual liquid-crystal 
injection areas would thereafter be cut apart. 

9. A method for manufacturing a liquid-crystal display element according 
to claim 7, wherein said sixth step includes an eighth step of injecting liquid 
crystal into each said liquid-crystal injection area, sealing said hole, and 
adhering a polarizer. 

10. A method for manufacturing a liquid-crystal display element according 
to claim 7, wherein: 

said first step includes a ninth step of forming a seal using an 

epoxy resin; 

said second step includes a tenth step of forming an outer 
peripheral seal using an epoxy resin; and 

said third step includes an eleventh step of forming a hole 
sealant with a UV-curing acrylic resin. 

11. A method for manufacturing a liquid-crystal display element according 
to claim 7, wherein said fourth step includes: 

a twelfth step of performing polishing using an alumina polishing 

material ; 

a thirteenth step of performing lapping; and 
a fourteenth step of performing final polishing, 
and wherein said fifth step includes a fifteenth step of chamfering 
the polished end surface. 
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ABSTRACT OF THE DISCLOSURE 
In a liquid-crystal display element each individual liquid-crystal 
injection area is surrounded by a seal, and the overall liquid-crystal injection 
area is surrounded by an array substrate and an opposing substrate surrounded 
by an outer peripheral seal having an aperture and are adhered together, the 
aperture of the outer peripheral seal being sealed by a hole sealant, and the 
surface of at least one of the array substrate and the opposing substrate being 
polished with a polishing material, which is then removed, after which cutting 
along the aperture is done to separate the individual liquid-crystal injection 
areas, thereby facilitating the achievement of a thin liquid-crystal display 
element, while improving the quality and yield thereof. 
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of mis application: 



APPLICATION SERIAL NO. 


FILING DATE 


STATUS: PATENTED, PENDING, 
ABANDONED 

































I hereby appoint as my attorneys, with full powers ot substitution and revoca ion to prosecute this application and transact all business in the 
Patent ind trademark Office connected therewith: Stephen A. Bent, Reg. No. 29,768; David A Blumenuial, Reg. No. 26.257; WJ am T 
Ellis Ree No 26 874" John J Feldhaus, Reg. No. 28,822; Patricia D. Granados, Reg. No. 33.683; John P. fsacson, Reg. No. 33.715, 
Donald LV Jeffery Reg Nc ^19,980; Eugene ft. Lee. Reg. No. 32,039; Richard Linn, Reg. No. 25.144; Peter G. Mack Reg. No. 26.001; 
Brian J McNamir'a Reg No 32 789; Sybil Meloy, Reg/fto. 22.749; George E. QuiUin, Reg. No. 32,792; Colin G Sandercock Reg. No. 
3™98- BemhardD' Saxe Reg. No. 28,665; Charles F Schill, Reg. No. 27*590; Richard L. Schwaab, Reg. No. 25,479; Arthur Schwartz, 
Reg. No. 22.115; Harold C. Wegner, Reg. No. 25,258. 
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Docket No. 



Address all correspondence to FOLEY & LARDNER, Washington Harbour, 3000 K Street, N.W., Suite 500, P.O. Box 25696, Washington, 
D.C. 20007-8696. Address telephone communications to at (202) 672-5300. 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are 
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both t under Section 1001 of Title 18 of the United States Code and that such willful false statements 
may jeopardize the validity of the application or any patent issued thereon. 



Full Name of First or Sole Inventor 
Hirofumi KAMOSAWA 


Signature of First or Sole Inventor 


Date 

May 31, 
2000 


Residence Address v 
Tokyo, Japan 


Country of Citizenship 

Japan 


Post Office Address 
c/o NEC CORPORATION, 

7-1, Shiba 5-chome, Minato-ku, Tokyo, Japan 



Full Name of Second Inventor 
Takeya SHIMIZU 


Signature of Second Inventor 


Date 

May 31, 
2000 


Residence Address u 
Tokyo, Japan 


Country of Citizenship 

Japan 


Post Office Address 

c/o NEC CORPORATION , 

7-1, Shiba 5-chome. Minato-ku. Tokyo. Japan 



Full Name of Third Inventor 


Signature of Third Inventor 


Date 


Residence Address 


Country of Citizenship 


Post Office Address 



Full Name of Fourth Inventor 


Signature of Fourth Inventor 


Date 


Residence Address 


Country of Citizenshi] 


p 


Post Office Address 



Full Name of Fifth Inventor 



Signature of Fifth Inventor 



Date 



Residence Address 



Country of Citizenship 



Post Office Address 



